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DEVELOPMENTOF SIMPLIFIED DESIGN AIDS BASED
ON THE RESULTS OF SIMULATION ANALYSIS*

J. Douglas Balcomb
Los Alamos Scientific Laboratory
Los Alamos, New Mexico 875&5, USA

Summary

The Solar Load Ra~io method for estimating the performance of passive
solar heating systems is described. It is a simplified technique
which is based on correlating the monthly solar savings fraction in
terms of the ratio of monthly solar radiation absorbed by the
building to total monthly building thermal load. The effect of
differences between actual design parameters and chose used to
develop the correlations is estimated afterwards using sensitivity
curves. The technique is fast and simple and sufficiently accurate
for design purposes.

1. INTRODUCTION

It is now generally accepted that computer simulation analysis using
rherma]-network type of math~matical representations of the energy flc-ws
is an accurute method of predicting the performance of passive solar
buildings. The analysis is generally done using hourly solar and weather
data. This is fine if the designer has the computer, rh~ capability, and
the inclination to t~ke this apprsach. But ev~n under the best of
circumstances it 1s costly and time coasuming. Most de~igners ask for
simpler techniques which ar~ amenabl? to analysis using hand calculators
i,? which ●stimates ~-an be generated in a few minutes. Correlation
techniques have emerged as a renson~ble prccedure which met?L these
r~qui rements and give reasonable accuracy,

2. CORRELATION METHODS

In a COrreltiLIOtI technique one seeks to relate a parameter of
intereBt, such as solar savin~s fraction, to one or more correlating
parat,,eters (generally dimensionless). Success is much morr likely if the
corr~lating parameters chosen preserve some @ssence of the overall
physics governing the ●nergy balances.

For solar energy system~ it has been apl.ropriate to correlate on

th~ basis of a on@-month interval, that is, to USP monthly wt!ather date
to pr~dict monthly performance. A moilth haq b~en found to be a
particularly convenient time interval, being long enough that statistical
variations tend to average our and short ●!nough ●o that the basic

*Work performed under th~~ ahspices of the US Department of En~rgy,
Office of Solar Applications for Buildings.



weather statistics are stationary. Furthermore, only eight to twelve
calculations are then required in order to predict annual performance.
The prediction of monthly performance leads to relatively high standard
errors (* 8%, typically) but annual performance is predicted with a
standard error of only * 3%, typically. This is adequate for design
purposes, being significantly less than the year-to-year variation which
can be anticipated.

A second feature is that the correlations are done using “data”
developed from hour-by-hour computer simulations, Thus the correlation
techniques are a second-generation analytical procedure, and their
results are intrinsically no better than those obtained from
simulations. The correlation techniques, however, are at least two
orders of magnitude easier to use in terms of the computing power and the
computing time required.

3. THE SOLAR LOAD RATIO (SLR) TECHNIQUE APPLIED TO PASSIVE SYSTEMS

The SLI? method depends on the use of a single correlating parameter
defined as Follows:

SLR = (solar absorbed)/(net reference load)

As mentioned, the correlation time is one month so that each of the
parameters in the above e.yuation are for a one month period. Both the
numerator and denominator are in energy units so SLR itself is
dimensionless, Physically it relates the monthly solar energy absorbed
by the building to the net load which would be experienced by a
comparable b~ilding without the passive solar eleme[it,

The parameter which is correlated is the solar saving~ fraction, SSF,
defined as follows:

SSF = 1 - (auxiliary)/(net refesence load)

The definition -f the terms used in these two relations is important,
but it is not the purpos~ here to discuss this in detail, The various
t~.rms are def;ned in the DOE Passive Solar Design Handbook, Volume II,
Passive Solar IePign Analysis (l), where the distinctions between various
wnyn of estimal ing load are discussed, The key point is that the solar
savings fracticn is intended to identify the suvings due to adding a
particular passive solar element to a building, The net reference load
is the heating l~quiremento of a comparable non-solar building, that is,
a buildinR which is otherwise identical but without the passive solur
element. Presumably the uola~ element would replace o normal wall with
th? normal, complement of windows,

In choosine SSF as the correlated parameter, it was intended to find
a convenient dimensionless var]able and not to imply that SSF is an
important figure of merit, The important objective is to minimize
auxiliary heat, given by:

auxiliary - (l-SSF) x (net reference load)

where the net reference load is estimat~d simply as the product of th~
building load caeffi~ient (excluding the solar wall) times the heatin~
degree dayo. This Iiau been found to he reasonably accurate if the degree
days are calculated using an appropriate base temperature which accounts
for both the thermostat eetting and the extraneous internal heat
generation fn the building.



In developing the correlations, a functional form was used which
allows the selection of four different coefficients. These were adjusted
in order to obtain a least-square error in the annual solar satings
fraction.

Typically the correlations are done using hour-by-hour calculations
from many different cities with four different values of building loac!
coefficient in each city. This gives a reasonably diverse ensemble of
“data” points. The standard deviation of the error in ?rediction of
solar savings fraction, compared to the hour-by-hour simulations, is
typ]cally about 3 to 4%.

The SLR method has been applied to a variety of passive systems. A
different correlation is required for each different passive system but
each correlation applies to all climates. Thus far, direct gain, Trombe
wall , and water wall configurations have been studied and these
correlations are given in the Appendix, The results ~re being widely
used within the passive solar design community. The method is the basi~
for the design techniques described in the Passive Solar Design
Handbook,

4, REFERENCE DESIGNS

The hour-by-hour simulations which are used as the basio for the
correlations are done with a detailed model of the building in which all
of the di ff~rent design parameters are specified. These parameters are
given in Fh@ Appendix, The only design parameter which is changed is the
ratio of the glazing area to the building load coefficient of tile
building (the Load Collector Ratio, LCR). Typically about four differel!t
values of LCR were chosen so that the correlation should adequately
reflect variations in this key parameter.

Thu~ the correlations do not allow the designer to estimate
performance variations due to changes in any of the many other design
pnrametprs and the correlations relate only to the reference design used
in the simulations.

In order to overcome this difficulty, sensitivity calculations have
been don- using the hour-by-hour simulation codes. The procedure is to
perform a series of year-long simulations for several different values of
one of the design parameters, holding all other parameters at the
ref~rence level , These results are generally presented in graphical form
nnd allow the designer to see the effect of changi~g one part cular
d~sign parameter, Thi9 procedure is followed f~r ecicl~ of the differen:
design parameters, A major part of the Passive, Solar Design Handbook is
taken up with such Sensitivity studies for the direct guin and thermal
stora~e wall systems,

5. ATTACHED SUNSPACES

In a recent publication (2) McFarland and Jones have given
corr~lationq for attached sunspaces, These rt=sults ind;cate tl~at a
sloping glazing (about 50 degrees) is much more effective than vertical,
that heating performance is improved by using opaque insuiateri end walls

rather than glazed end walls, and that overall performance in heating the
attached buildlng is very comparable to that of a Trombe wall,

As an example of the correlation results, the following graphe give
the simulation results (Fig, 1) and correlation accuracy (F{g, 2) for one
reference design, the case of an attached sunspace with eluping glazing



(50 degrees), masonry thermal storage between sunspace and house, opaque. .
end walls, and no night insulation.
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More recent results, as yet unpublished, indicate even better
performance for a “semi-enclosed” sunspace, that is, a geometry in which
the house wraps around the sunspace enclosing the east and west ends.
This geometry provides the highest performance of all passive solar
geometries studied to date by LASL.

Attached sunspaces will be discussed extensively in a forthcomin~
added volume of the Passive Solar_ Desi~n Handbook.

6. PERFORMANCETABLES FOR PARTICU

Since the correlation curves are developed using weather data from a

variety of different locations, these curves c~n be used in locations
which have a climate type encompassed by the original grouping of
cities. However, an annual solar savings fraction calculation involves
summing up the results of twelve monthly calculations. For a particular
city the results depend only on the ratio of building load to collector
area (LCR), on the system type, and on the temperature base used in the
calculation of the degree days. Thus it is possible to make up tables
for a particular city which relate the solar savings fraction to the LCR
for the various systems, assuming one particular base temperature. These
tables could be re-done for various base temperatures. These tables are
much easier to use than the SLR correlations.

LCR tables have been made up for 216 different locations in the U.S.
and southern Canada based on the Sf):31ET weather data using an 18.3CC
base. These are published i,? the Passive Solar Design Handbook, Appendix
F, fo. direct gain and thermal storage wall systems. These tables form
the basis of n simplified design procedure described in the Handbook.

As an alternative to presenting the SSF results in terms of LCR, many
people hav~ expressed a preference for using the reciprocal, co)lector
load ratio, CLR = l/LCR, as the independent parameter. Fig, 3 shows the
performance of four attached sunspace options in Dodge City, K/.nsiIs,
plotted vs CLR (°Cm2/W) showing the comparison between tile results of
hcwrly simulations (solid curves) and the estimates using the S!.K
correlations (dashed curves), The geometry is the same as for Fi~:s. 1
and 2. I.E. stands for insij]ated end walls and G.E, for glr*-d en(l wnl)s.
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Every good passive solar designer knows that energy conservation must
be a cornerstone of the building desig~. But at some point the trade-off
between additional energy conservation and passive solar collection
aperture must be addressed. If a handy method is nvailable for esti-
mating performance, then this trade-off can be done in nn analytical
way. For example, if the correlation techniques can be incorporated into
a hand held calculator or microcomputer routine, then the designer can
obtain very quick turn-alound in the calculations, and the trade-off
between conservation and solar options can be easily and quickly
assessed.

A simple technique has been developed which can be used to determine
the optimum mix between consemation and solar strategies (3). In order
to obtain an answer, the cost characteristics of both the passive so!ar
aperture and the energy conservation features are needed. This infor-
mation will generally be in the. form of the cost per R per unit area for
the wall and ceiling insulation, the cost per additional glazing for
windows, the cost of reducing infiltration (including the cost of adding
an air-to-air heat recovery unit it’ needed) and also the cost per unit
area for the passive solar collection aperture. Gi~en this information
the method provides simple equations which can be used to trace out the
optimum-mix line for a particular locale. This will provide information
to the designer early in the design process to serve as o guide in Lhe
decisiun making,

8. CONCLUSIONS

Correlation methods of predic.ti~n have adva[ltages in greatly
simplifying the time and complexity of performartc.e predictions but are
severely constrained in the number of variables which can be considered.
Their accuracy is generally adequate for design purposes provided t.h[’y
are applied to buildinxg which correspond recsonubly closely to the
reference designs used in developing the co~r~l~tio~s. ‘rhe most

simpl ified correlation procedures (such as the SLR methud) are par-
ticularly amenable to use with hand calculators. When reporting tht:
results of these calculations, the degigner should be especially car~ fu]
to specify the range of validiry of the analysis, especially a: +ertains
tc both operating characteristics and design parameters.

Correlation techniques are especially ameriable to use in
microcomputer routines which can be used in a desi~n office. Very quick
answers an be obtained during the schematic design and design develop-
ment phases of a building to aid in deciding between different desigl?
options, This would incl{~de trad~-offs between various conservation
options and pacisive solar options,
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11. APPENDIX

Corrt?]ations

For ●ach month Of th~ hent~ng season, thp r~;tio S/UD is d~iermilled,
wht=re S is the total monthly solar radiation transmitted through one
squarp meter of ~outh-facing, vertical double glazing and DD ig tl,e

heat imp, d~pre~ dny~.

Th@n tht= SnlaY Snvirlgq Frartion (SSF) is determined for each month as
fnl low!+:

SSF = ] - K (l-F), vhpr~
F = A X, for X< R

F-l? - C ISXp(-DX), for X> K
F* 1.000 fol largv X.

K ■ 1 + G/1.r;R
X = (S/l)l))!(LCR X K)

(X iq th~ “Solar l.oml Itntio”)

c R A n c II

lx 2.51 (J, 5 0,5213 1,0133 1.o(142 (.). b927
I)GN 1 (’),57 0,7 0.5420 0,9866 1.1479 0,9097

Iw L).f15 0.6 0,369t! I .0408 1.0797 0.4607
71JN I 0,12 1,0 (),455h 0.976!) 1,2159 ().8409

Ww I.IR 1.3 0,L025 0,9872 1.5053 0. )054
WN 1 0.17 1,2 o,&84iJ (),979Q I ,84Y5 1.27Y5



The annual SSF is thm obtained from the sums of the monthly values, as
follows:

3
SSFi .: DDi

Annual SSF =
~iDDi “

Here, DG, Ild, AND VW indicate direct gain, Trombe wall, and water
wall, respectively. N1 indicates night insulation.

Host passive designs consist of a mixture of the basic approaches.
Few Trombe walls are without some direct gain component. Most water

walls are spread-apart tubes or other containers which allow some direct
heating. The recamnended procedure is to compute a single SLR, baged on

the total solar gain through all glazing divided by the to.~) thermal
load, and then compute a wighted-aver,lge SSF. This is determined by

computing a separate SSF for each design approach and averaging between
them based on the r~lative proportion of each glazed area.

Ref@r~nce DrsiRn~

The correlation curves arp determined for a SPI of “r~ferellcp”

configurations defined as follows:

DoulJlp glazin&, normal transm

Night insulation (when used)

Th~rmal StoroRP = 920000 J/°C
Water wall: equivalent

ttance _ 0.747 , 6.4 rmn spacing
0.63 W/°Cm2; 5:00 pm to 8:00 am

~er m2 of glazicg

o 2i6~ of water

Tromb~ wall: 450 nan thicknpss

ThPrmal conductivity = 1.73 W/m°C

Tromhr wall has ventq, upp~r and lower, @rich 3% of til(l wall
arwa, having backdraft dampers.

Direct Cain _ ~xpoq~d surfacp = 3 x glaz~d or~n 150 mm rhirkn~ss

Otl~er building mass is n~gligible

Wall-to-room conductanc~ = 5.7 W/°C mz

Allxiliary maintains an int~rnol building trmp~rature above l&l.3°C,
Ii@at is dump~d to maintain thr building temp~ratur~ be!ow 23,9°C, NO

int~rnal building h~at g?n~rnt inn was modeled.


